INTRODUCTION
Recently several authors have drawn attention to inconsistencies in the present NC-IUB (Nomenclature Committee of the International Union of Biochemistry) classification of general esterases (Pen & Beintema, 1986; Junge & Krisch, 1973) . Problems have arisen in attempting to make a satisfactory classification because very few of the enzymes have been purified, because of their wide substrate specificities and because of the failure, so far, to identify them with particular 'in vivo' substrates.
An important group of enzymes falling into this category is that of the so-called 'aryl-ester hydrolases' (EC 3.1.1.2; NC-IUB, 1984) , henceforth 'arylesterases', which includes the 'A '-esterases that are able to hydrolyse paraoxon (oo-diethyl-op-nitrophenyl phosphate) and other organophosphates (Aldridge, 1953a,b) . A consistent classification of this group is a matter of current concern because paraoxonase activity is now known to be related to two pathological conditions: (1) the enzyme(s) is linked genetically to cystic fibrosis (Eiberg et al., 1985; Schmiegelow et al., 1986) , and (2) relatively low levels of serum paraoxonase have been found in cases of myocardial infarction (McElveen et al., 1986) .
Certain lines of evidence suggest that 'A'-esterase activity and arylesterase activity may be expressed by different enzymes. Thus, after preparative polyacrylamide-gel electrophoresis of sheep serum, 'A'-esterase activity (paraoxon substrate) and arylesterase activity (phenyl acetate substrate) were found to be distributed differently in the resulting fractions . By using the same substrates, human serum 'A '-esterase activity was found to have a biphasic distribution in several studies of Caucasian populations (Krisch, 1968; Carro-Ciampi et al., 1981; Eckerson et al., 1983; McElveen et al., 1986; Reiner et al., 1987) , whereas arylesterase activity had a unimodal distribution in two ofthese populations (Simpson, 1971; Lorentz et al., 1979; Reiner et al., 1987) .
In spite of these differences, some authors still describe paraoxon and phenyl acetate as two substrates of the same enzyme (La Du & Eckerson, 1984a,b) . We report here some investigations which throw further light on the classification of esterases of this type.
MATERIALS AND METHODS

Sources of serum
Serum was prepared by centrifugation from unheparinized blood collected from mammals and birds as previously described (Brealey et al., 1980) . Blood was obtained from Wistar rats, New Zealand White rabbits, white mice (strain CD) and sheep (Finnish Landrace x Dorset Horn), chickens and Japanese quail kept at the University of Reading. Blood from goat, ox and pig was obtained from Newbury Abattoir (Newbury, Berks., U.K.). Avian blood samples were obtained from live specimens of cormorant, shag, puffin, razorbill and guillemot (collected under licence as part of a National Environmental Research Council-sponsored project) and Canada goose, pigeon and starling, supplied by the Ministry of Agriculture, Fisheries and Food, Tolworth, Surrey, U.K. Samples of serum from mute swan, great tit, tree sparrow, bee-eater, capybara, cat and badger were gifts from J. Blakey (Edward Gray Institute, University of Oxford, Oxford, U.K.). Human serum samples were obtained from the Royal Berkshire Hospital, Reading, Berks., U.K. All serum samples were stored at -20°C before assay for enzyme activity. Esterase activity was stable for 6 months at this temperature. Assays Enzyme assays were performed by the methods described in the cited references: 'A'-esterase activity towards paraoxon by monitoring of generated pnitrophenol with a recording spectrophotometer (see McElveen et al., 1986) , and pirimiphos-methyloxon by The method used is described in the Materials and methods section. The total volume of the column was 480 ml and the void volume 124 ml. , Protein; A, 'A'-esterase activity towards paraoxon (nmol ofp-nitrophenol generated/min per fraction); *, arylesterase activity (,umol of phenol generated/min per fraction).
separation of product from substrate by reverse-phase h.p.l.c. (Brealey et al., 1980) . Arylesterase activity was assayed using phenyl acetate as substrate and subsequent chromogenic determination of the phenol released (Lorentz et al., 1979) . Gel filtration of human serum Human serum [6 ml, containing 5 % (w/v) sucrose] was applied to a column (30 cm x 4.5 cm; Amicon Corp.) containing Sepharose 6B (Pharmacia) gel-filtration medium equilibrated with 0.02M-Tris/HCl buffer, pH 8.0, containing 1 mM-CaCl2. Elution of the column was at 20 ml/h with the above buffer, and 5 ml fractions were collected. Individual fractions were assayed for protein (A280), paraoxonase and arylesterase activities.
RESULTS AND DISCUSSION
Sera of 14 species of bird, representing seven orders and nine families, hydrolysed phenyl acetate and therefore had arylesterase activity (Table 1) . A wide range of arylesterase activities was found, ranging from 16.8 ,umol of phenol produced/ml of serum in the juvenile chicken to 99.3 ,umol in the Canada goose. However, no 'A'-esterase activity could be found in the serum of ten species of bird, with only very low activities in the remaining four species.
Mammalian sera, on the other hand, showed both 'A '-esterase and arylesterase activities (Table 1) , with the exception of that of the capybara, where four individuals out of six had no 'A'-esterase activity. The ratios of activities indicate, however, that different enzymes are responsible for these activities, i.e. high 'A '-esterase Vol. 245 activity (as in the rabbit), does not necessarily correspond to high arylesterase activity.
Gel filtration of human serum (Fig. 1) showed the presence of two major peaks of paraoxonase activity and three of arylesterase activity. None of the peaks of arylesterase activity correspond with those of paraoxonase activity; two peaks of arylesterase activity and one of paraoxonase activity did not overlap at all, indicating that different enzymes are responsible for these two activities in human serum. Thus there are esterases in the serum of birds and humans which show marked arylesterase activity, yet no measurable 'A'-esterase activity, towards paraoxon and/or pirimiphosmethyloxon. Also, the arylesterases of birds such as the starling, guillemot and tree sparrow are completely inhibited by a concentration of 10-4 M-paraoxon, and thus are 'B'-esterases, not 'A'-esterases, according to the classification of Aldridge (1953a,b) .
It is concluded that the serum arylesterase of at least ten of the species of birds possess no measurable 'A'-esterase activity, so a satisfactory classification will need to distinguish between these two types of activity. Further, there are distinct enzymes in human serum showing arylesterase and paraoxonase activities respectively, an observation leading to the same conclusion.
It is noteworthy that no 'A'-esterase activity was detected in organophosphate-resistant strains of the aphid Myzus persicae (Devonshire, 1977) , or in one organophosphate-susceptible and two organophosphateresistant strains of the rust-red flour beetle (Tribolium castaneum), which showed high arylesterase activity .
The division into 'A'-and 'B'-esterases may still be useful with regard to the development of a more 295 0 co satisfactory classification. Organophosphates evidently inhibit 'B'-esterases, e.g. cholinesterase, by phosphorylation of serine groups at the active site (Eto, 1974) , although this has yet to be proved for all enzymes of the group. It is believed that no such phosphorylation occurs at the active site of 'A'-esterases, which can effectively hydrolyse organophosphates. If it can be shown that the difference between 'A' and 'B'-esterases with regard to their interaction with organophosphates is the consequence of a fundamental difference in their active sites, then it may provide a useful distinction in a new classification of esterases. Such an approach could get round a major problem with esterase classification. Some of these enzymes have wide substrate specificities and may be concerned with the detoxication of naturally occurring lipophilic esters. If this interpretation is correct, such esterases have no 'in vivo' substrates upon which a classification as proposed by Pen & Beintema (1986) could be based. Other criteria (e.g. structure of the active site) would need to be used to develop a satisfactory classification. 
